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(54) Multicarrier reception with channel estimation and equalisation 



(57) A first Fourier transform circuit converts an 
OFDM signal to the frequency domain. A first divider di- 
vides the pilot signal contained in the frequency domain 
OFDM signal by a specified pilot signal. A zero insertion 
means then inserts zero signals in the first divider out- 
put. A window function multiplying means multiplies the 
zero insertion means output by a window function, and 
an inverse Fourier transform is applied to the multiplier 



output. A coring means then cores the inverse Fourier 
transform output, and truncation means truncates the 
result to a specified length. A second Fourier transform 
is applied to the truncated result. A window function di- 
viding means then divides the second Fourier transform 
result by the window function, and a second dividing 
means divides the output of the first Fourier transform 
means by the output of the window function dividing 
means. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of technology 

[0001] The present invention relates to a receiving ap- 
paratus and receiving method for receiving signals 
transmitted using an OFDM (orthogonal frequency divi- 
sion multiplexing) system. 

2. Description of Related Art 

[0002] The OFDM signal transmission system modu- 
lates multiple mutually orthogonal carriers with the dig- 
ital data being transmitted, and then multiplexes these 
modulated signals before transmission. Increasing the 
number of carriers from several hundred to several thou- 
sand for OFDM transmission significantly increases the 
symbol period compared with a single carrier system at 
the same transmission rate, and thus lowers the likeli- 
hood of multipath interference. 

[0003] In a multipath environment, however, the am- 
plitude and phase of each carrier changes on the chan- 
nel, and the receiver must compensate for this change. 
All or part of an OFDM carrier is therefore used to trans- 
mit a pilot signal (a signal of known amplitude and 
phase). The receiver can therefore estimate from the re- 
ceived pilot signal how the carrier changed on the chan- 
nel, or more specifically can estimate the frequency re- 
sponse of the channel, and compensate accordingly. 
[0004] For example, the pilot signal used in the DVB-T 
(Digital Video Broadcast - Terrestrial: digital terrestrial 
television system used in Europe) and in the ISDB-T (In- 
tegrated Services Digital Broadcasting - Terrestrial: dig- 
ital terrestrial television system used in Japan) is called 
a "scattered pilot" and is scattered over the carrier-sym- 
bol piane. 

[0005] Fig. 11 is a block diagram of the OFDM signal 
demodulator 12a taught in U.S. Patent No. 5,307,376 
(Japanese Patent No. 3044899). 
[0006] In the channel estimation circuit 23a shown in 
Fig. 11 , the pilot signal extraction circuit 31 extracts the 
pilot signal contained in the output of the Fourier trans- 
form circuit 22, and outputs the result to the first input 
of a divider 33. 

[0007] The pilot signal generator 32 generates a pilot 
signal of known amplitude and phase synchronized to 
the pilot signal extraction circuit 31 , and outputs the re- 
sulting pilot signal to the second input of the divider 33. 
[0008] The divider 33 then divides the output of the 
pilot signal extraction circuit 31 by the output of the pilot 
signal generator 32 to acquire the frequency response 
of the channel sampled at the pilot signal interval, and 
then outputs the result to the zero signal insertion circuit 
34a. 

[0009] The zero signal insertion circuit 34a inserts a 
zero signal to the output of the divider 33, and supplies 



the result to the inverse Fourier transform circuit 35a. 
[0010] The inverse Fourier transform circuit 35a con- 
verts the frequency response output from the zero signal 
insertion circuit 34a to an impulse response, and outputs 
5 the result to the coring circuit 36a. 

[0011] The coring circuit 36a replaces data equal to 
or less than a specified threshold value in the output of 
the inverse Fourier transform circuit 35a with a zero sig- 
nal, and outputs the result to the truncation circuit 37a. 

10 [0012] The truncation circuit 37a truncates the coring 
circuit output to a specified length and replaces other 
data with a zero signal to remove aliasing components 
(due to the frequency response, which is the input to the 
inverse Fourier transform circuit 35a, being sampled at 

15 the pilot signal period). The truncation circuit 37a out- 
puts the result to the Fourier transform circuit 38a. 
[0013] The Fourier transform circuit 38a generates 
the interpolated frequency response (having values at 
positions otherthan the pilot signal) by Fourier transform 

20 of the impulse response output from the truncation cir- 
cuit 37a. The output from the Fourier transform circuit 
38a is then supplied as the output of the channel esti- 
mation circuit 23a to the second input to the divider 24. 
[0014] Note that the DFT block 11 shown in Fig. 1 in 

25 the above-noted U.S. Patent No. 5,307,376 corre- 
sponds to the Fourier transform circuit 22 shown in Fig. 
1 1 ; the projection block 1 2 similarly shown in U.S. Patent 
No. 5,307,376 corresponds to the divider 24 in Fig. 11 ; 
N/R sample extraction circuit 13 similarly shown in U.S. 

30 Patent No. 5,307,376 corresponds to the circuit block 
including the pilot signal generator 32, divider 33, and 
zero signal insertion circuit 34a in Fig. 1 1 ; DFT" 1 1 4 sim- 
ilarly shown in U.S. Patent No. 5,307,376 corresponds 
to the inverse Fourier transform circuit 35a in Fig. 11 ; 

35 weighting circuit 15 similarly shown in U.S. Patent No. 
5,307,376 corresponds to the truncation circuit 37a in 
Fig. 11; DFT 16 similarly shown in U.S. Patent No. 
5,307,376 corresponds to the Fourier transform circuit 
38a in Fig. 1 1 ; and thresholding block 1 7 similarly shown 

40 in U.S. Patent No. 5,307,376 corresponds to the coring 
circuit 36a in Fig. 11. 

[001 5] Operation of the channel estimation circuit 23a 
shown in Fig. 11 is described next below with reference 
to Fig. 1 2. In Fig. 1 2 n is an index denoting the sampling 
45 time, and N denotes the number of samples processed 
by the inverse Fourier transform circuit 35a and Fourier 
transform circuit 38a. 

[0016] Fig. 12 (a) shows an example of output from 
the inverse Fourier transform circuit 35a wherein 101 a 

50 to 101 d denote the normal impulse response, 102a to 
1 02d through 1 1 2a to 1 1 2d denote the aliasing compo- 
nent, and the shaded area indicates the noise compo- 
nent 121 . Aliasing occurs every N/12 samples because 
the scattered pilot signal in the DVB-T and ISDB-T sys- 

55 terns is located every 1 2 carriers in each symbol. 

[0017] Fig. 12 (b) shows an example of output from 
the coring circuit 36a. The coring circuit 36a replaces 
data equal to or less than a specified threshold value 
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(th) with zero signals. Data other than 101 a to 101 c, 
and 102a to 1 02c through 112a to 112c are therefore 
replaced by zero signals in the example shown in Fig. 
12, and the power of noise components is therefore sig- 
nificantly suppressed. 5 
[0018] Fig. 12 (c) shows the output of the truncation 
circuit 37a. Note that aliasing components 1 02a to 1 02c 
through 112a to 112c are removed because the trunca- 
tion circuit 37a substitutes zero signals for data with an 
index greater than N/12. 10 
[0019] The frequency response acquired by the Fou- 
rier transform circuit 38a applying Fourier transform to 
the output of the truncation circuit 37a is thus not only 
interpolated, but estimation error due to noise is reduced 
by the operation of the coring circuit 36a. is 

[Problem to be solved] 

[0020] When impulse response does not coincide 
with the sampling time in this prior art configuration, out- 20 
put from the inverse Fourier transform circuit 35a has 
side lobes rather than being a single impulse. Further- 
more, impulse response is at the sampling time, output 
from the inverse Fourier transform circuit 35a also has 
side lobes rather than being a single impulse because 25 
the bandwidth of the output from the zero signal inser- 
tion circuit 34a is narrower than the input bandwidth of 
the inverse Fourier transform circuit 35a. 
[0021] When such impulse response is then input to 
the coring circuit 36a, side lobe components at or below 30 
the threshold value th are replaced by zero signals. This 
produces distortion in the frequency response obtained 
as the output of the Fourier transform circuit 38a. 
[0022] The inverse Fourier transform circuit 35a and 
Fourier transform circuit 38a must also process the 35 
same number of data samples as the main Fourier 
Transform circuit 22, leading to an increased circuit size 
if this operation is run in dedicated hardware, and an 
increased processing load if run in software using gen- 
eral-purpose hardware such as a DSP (digital signal *o 
processor). 

[0023] The present invention is directed to solving the 
foregoing problem, and an object of the invention is to 
provide an OFDM signal receiving apparatus that reduc- 
es frequency response estimation error while also re- 45 
ducing the circuit scale required for a hardware imple- 
mentation and the processing load required for a soft- 
ware implementation. 

SUMMARY OF THE INVENTION so 

[0024] To achieve the foregoing object, a first aspect 
of the present invention is a receiving apparatus for re- 
ceiving OFDM (orthogonal frequency division multiplex- 
ing) signals containing a pilot signal of known amplitude 55 
and phase, the OFDM signal receiving apparatus in- 
cluding a first Fourier transform means for generating 
an OFDM signal in the frequency domain by a Fourier 



transform of the OFDM signal; a first dividing means for 
dividing the pilot signal contained in the frequency do- 
main OFDM signal by a specified pilot signal, and gen- 
erating a first frequency response; a zero insertion 
means for inserting zero signals to the first frequency 
response, and generating a second frequency re- 
sponse; a window function multiplying means for multi- 
plying the second frequency response by a window 
function, and generating a third frequency response; an 
inverse Fourier transform means for generating a first 
impulse response by an inverse Fourier transform of the 
third frequency response; a coring means for replacing 
data in the first impulse response less than or equal to 
a specified threshold value with zero signals, and gen- 
erating a second impulse response; a truncation means 
for truncating the second impulse response at a speci- 
fied data length, replacing other data with zero signals, 
and generating a third impulse response; a second Fou- 
rier transform means for generating a fourth frequency 
response by a Fourier transform of the third impulse re- 
sponse; a window function dividing means for dividing 
the fourth frequency response by the window function, 
and generating a fifth frequency response; and a second 
dividing means for dividing thefrequency domain OFDM 
signal by the fifth frequency response to compensate for 
amplitude and phase distortion introduced to the signal 
on the channel. 

[0025] A second aspect of the invention is an OFDM 
signal receiving apparatus for receiving OFDM signals 
containing a pilot signal of known amplitude and phase, 
the OFDM signal receiving apparatus including a first 
Fourier transform means for generating an OFDM signal 
in the frequency domain by a Fourier transform of the 
OFDM signal; a first dividing means for dividing the pilot 
signal contained in the frequency domain OFDM signal 
by a specified pilot signal, and generating a first frequen- 
cy response; a zero insertion means for inserting zero 
signals to the first frequency response, and generating 
a second frequency response; an inverse Fourier trans- 
form means for generating a first impulse response by 
an inverse Fourier transform of the second frequency 
response; a coring means for replacing data in the first 
impulse response less than or equal to a specified 
threshold value with zero signals, and generating a sec- 
ond impulse response; a truncation means for truncat- 
ing the second impulse response at a specified data 
length, replacing other data with zero signals, and gen- 
erating a third impulse response; a second Fourier 
transform means for generating a third frequency re- 
sponse by a Fourier transform of the third impulse re- 
sponse; a time axis interpolation means for interpolating 
the first frequency response along the time axis, and 
generating a fourth frequency response; a frequency ax- 
is interpolation means for interpolating the fourth fre- 
quency response along the frequency axis, and gener- 
ating a fifth frequency response; a selection means for 
selecting the third frequency response for carriers within 
a specific range of the signal band center, selecting the 
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fifth frequency response for the remaining carriers near 
the signal band edges, and generating a sixth frequency 
response; and a second dividing means for dividing the 
frequency domain OFDM signal by the sixth frequency 
response to compensate for amplitude and phase dis- 
tortion introduced to the signal on the channel. 
[0026] A third aspect of the invention is an OFDM sig- 
nal receiving apparatus for receiving OFDM signals con- 
taining a pilot signal of known amplitude and phase, the 
OFDM signal receiving apparatus including a first Fou- 
rier transform means for generating an OFDM signal in 
the frequency domain by a Fourier transform of the 
OFDM signal; a first dividing means for dividing the pilot 
signal contained in the frequency domain OFDM signal 
by a specified pilot signal, and generating a first frequen- 
cy response; a zero insertion means for inserting zero 
signals to the first frequency response, and generating 
a second frequency response; a window function multi- 
plying means for multiplying the second frequency re- 
sponse by a window function, and generating a third fre- 
quency response; an inverse Fourier transform means 
for generating a first impulse response by an inverse 
Fourier transform of the third frequency response; a cor- 
ing means for replacing data in the first impulse re- 
sponse less than or equal to a specified threshold value 
with zero signals, and generating a second impulse re- 
sponse; a truncation means for truncating the second 
impulse response at a specified data length, replacing 
other data with zero signals, and generating a third im- 
pulse response; a second Fourier transform means for 
generating a fourth frequency response by a Fourier 
transform of the third impulse response; a window func- 
tion dividing means for dividing the fourth frequency re- 
sponse by the window function, and generating a fifth 
frequency response; a time axis interpolation means for 
interpolating the first frequency response along the time 
axis, and generating a sixth frequency response; a fre- 
quency axis interpolation means for interpolating the 
sixth frequency response along the frequency axis, and 
generating a seventh frequency response; a selection 
means for selecting the fifth frequency response for car- 
riers within a specific range of the signal band center, 
selecting the seventh frequency response for the re- 
maining carriers near the signal band edges, and gen- 
erating an eighth frequency response; and a second di- 
viding means for dividing the frequency domain OFDM 
signal by the eighth frequency response to compensate 
for amplitude and phase distortion introduced to the sig- 
nal on the channel. 

[0027] A fourth aspect of the invention is an OFDM 
signal receiving apparatus as described in aspect 1 or 
3 above wherein the window function multiplying means 
is disposed upstream of the zero insertion means. 
[0028] A fifth aspect of the invention is an OFDM sig- 
nal receiving apparatus for receiving OFDM signals con- 
taining a pilot signal of known amplitude and phase, the 
OFDM signal receiving apparatus including a first Fou- 
rier transform means for generating an OFDM signal in 



the frequency domain by a Fourier transform of the 
OFDM signal; a first dividing means for dividing the pilot 
signal contained in the frequency domain OFDM signal 
by a specified pilot signal, and generating a first f requen- 
5 cy response; an inverse Fourier transform means for 
generating a first impulse response by an inverse Fou- 
rier transform of the first frequency response; a coring 
means for replacing data in the first impulse response 
less than or equal to a specified threshold value with 
10 zero signals, and generating a second impulse re- 
sponse; a second Fourier transform means for generat- 
ing a second frequency response by a Fourier transform 
of the second impulse response; a time axis interpola- 
tion means for interpolating the second frequency re- 
15 sponse along the time axis, and generating a third fre- 
quency response; a frequency axis interpolation means 
for interpolating the third frequency response along the 
frequency axis, and generating a fourth frequency re- 
sponse; and a second dividing means for dividing the 

20 frequency domain OFDM signal by the fourth frequency 
response to compensate for amplitude and phase dis- 
tortion introduced to the signal on the channel. 
[0029] A sixth aspect of the invention is an OFDM sig- 
nal receiving apparatus for receiving OFDM signals con- 

25 taining a pilot signal of known amplitude and phase, the 
OFDM signal receiving apparatus including a first Fou- 
rier transform means for generating an OFDM signal in 
the frequency domain by a Fourier transform of the 
OFDM signal; a first dividing means for dividing the pilot 

30 signal contained in the frequency domain OFDM signal 
by a specified pilot signal, and generating a first frequen- 
cy response; a window function multiplying means for 
multiplying the first frequency response by a window 
function, and generating a second frequency response; 

35 an inverse Fourier transform means for generating a first 
impulse response by an inverse Fourier transform of the 
second frequency response; a coring means for replac- 
ing data in the first impulse response less than or equal 
to a specified threshold value with zero signals, and gen- 

40 erating a second impulse response; a second Fourier 
transform means for generating a third frequency re- 
sponse by a Fourier transform of the second impulse 
response; a window function dividing means for dividing 
the third frequency response by the window function, 

45 and generating a fourth frequency response; a time axis 
interpolation means for interpolating the fourth frequen- 
cy response along the time axis, and generating a fifth 
frequency response; a frequency axis interpolation 
means for interpolating the fifth frequency response 

50 along the frequency axis, and generating a sixth fre- 
quency response; and a second dividing means for di- 
viding the frequency domain OFDM signal by the sixth 
frequency response to compensate for amplitude and 
phase distortion introduced to the signal on the channel. 

55 [0030] A seventh aspect of the invention is an OFDM 
signal receiving apparatus for receiving OFDM signals 
containing a pilot signal of known amplitude and phase, 
the OFDM signal receiving apparatus including a first 
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Fouriertransform means for generating an OFDM signal 
in the frequency domain by a Fourier transform of the 
OFDM signal; a first dividing means for dividing the pilot 
signal contained in the frequency domain OFDM signal 
by a specified pilot signal, and generating a first frequen- 5 
cy response; a coring means for replacing data in the 
first impulse response less than or equal to a specified 
threshold value with zero signals, and generating a sec- 
ond impulse response; a second Fourier transform 
means for generating a second frequency response by 10 
a Fourier transform of the second impulse response; a 
selection means for selecting the second frequency re- 
sponse for carriers within a specific range of the signal 
band center, selecting the first frequency response for 
the remaining carriers near the signal band edges, and is 
generating a third frequency response; a time axis in- 
terpolation means for interpolating the third frequency 
response along the time axis, and generating a fourth 
frequency response; a frequency axis interpolation 
means for interpolating the fourth frequency response 20 
along the frequency axis, and generating a fifth frequen- 
cy response; a second dividing means for dividing the 
frequency domain OFDM signal by the fifth frequency 
response to compensate for amplitude and phase dis- 
tortion introduced to the signal on the channel. 25 
[0031] An eighth aspect of the invention is an OFDM 
signal receiving apparatus for receiving OFDM signals 
containing a pilot signal of known amplitude and phase, 
the OFDM signal receiving apparatus including a first 
Fouriertransform means for generating an OFDM signal 30 
in the frequency domain by a Fourier transform of the 
OFDM signal; a first dividing means for dividing the pilot 
signal contained in the frequency domain OFDM signal 
by a specified pilot signal, and generating a first frequen- 
cy response; a window function multiplying means for 35 
multiplying the first frequency response by a window 
function, and generating a second frequency response; 
an inverse Fouriertransform means for generating a first 
impulse response by an inverse Fourier transform of the 
second frequency response; a coring means for replac- *o 
ing data in the first impulse response less than or equal 
to a specified threshold value with zero signals, and gen- 
erating a second impulse response; a second Fourier 
transform means for generating a third frequency re- 
sponse by a Fourier transform of the second impulse *s 
response; a window function dividing means for dividing 
the third frequency response by the window function, 
and generating a fourth frequency response; a selection 
means for selecting the fourth frequency response for 
carriers within a specific range of the signal band center, so 
selecting the first frequency response for the remaining 
carriers near the signal band edges, and generating a 
fifth frequency response; a time axis interpolation 
means for interpolating the fifth frequency response 
along the time axis, and generating a sixth frequency 55 
response; a frequency axis interpolation means for in- 
terpolating the sixth frequency response along the fre- 
quency axis, and generating a seventh frequency re- 



sponse; a second dividing means for dividing the fre- 
quency domain OFDM signal by the seventh frequency 
response to compensate for amplitude and phase dis- 
tortion introduced to the signal on the channel. 
[0032] A ninth aspect of the invention OFDM signal 
receiving apparatus as described in the foregoing as- 
pect 5 or 7 wherein the time axis interpolating means is 
disposed upstream of the inverse Fourier transform 
means. 

[0033] A tenth aspect of the invention is an OFDM sig- 
nal receiving apparatus as described in the foregoing 
aspect 6 or 8 wherein the time axis interpolating means 
is disposed upstream of the window function multiplying 
means. 

[0034] An eleventh aspect of the invention is an 
OFDM signal receiving apparatus for receiving OFDM 
signals containing a pilot signal of known amplitude and 
phase, the OFDM signal receiving apparatus including 
a first Fouriertransform means for generating an OFDM 
signal in the frequency domain by a Fourier transform 
of the OFDM signal; a first dividing means for dividing 
the pilot signal contained in the frequency domain 
OFDM signal by a specified pilot signal, and generating 
a first frequency response; a window function multiply- 
ing means for multiplying the first frequency response 
by a window function, and generating a second frequen- 
cy response; an inverse Fourier transform means for 
generating a first impulse response by an inverse Fou- 
riertransform of the second frequency response; a cor- 
ing means for replacing data in the first impulse re- 
sponse less than or equal to a specified threshold value 
with zero signals, and generating a second impulse re- 
sponse; a second Fouriertransform means for generat- 
ing a third frequency response by a Fouriertransform of 
the second impulse response; a window function divid- 
ing means for dividing the third frequency response by 
the window function, and generating a fourth frequency 
response; a holding means for holding the fourth fre- 
quency response for a specific time, and generating a 
fifth frequency response; and a second dividing means 
for dividing the frequency domain OFDM signal by the 
fifth frequency response to compensate for amplitude 
and phase distortion introduced to the signal on the 
channel. 

[0035] A twelfth aspect of the invention is an OFDM 
signal receiving apparatus for receiving OFDM signals 
containing a pilot signal of known amplitude and phase, 
the OFDM signal receiving apparatus including a first 
Fouriertransform means for generating an OFDM signal 
in the frequency domain by a Fourier transform of the 
OFDM signal; a first dividing means for dividing the pilot 
signal contained in the frequency domain OFDM signal 
by a specified pilot signal, and generating a first frequen- 
cy response; a coring means for replacing data in the 
first impulse response less than or equal to a specified 
threshold value with zero signals, and generating a sec- 
ond impulse response; a second Fourier transform 
means for generating a second frequency response by 
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a Fourier transform of the second impulse response; a 
selection means for selecting the second frequency re- 
sponse for carriers within a specific range of the signal 
band center, selecting the first frequency response for 
the remaining carriers near the signal band edges, and s 
generating a third frequency response; a holding means 
for holding the third frequency response for a specific 
time, and generating a fourth frequency response; and 
a second dividing means for dividing the frequency do- 
main OFDM signal by the fourth frequency response to io 
compensate for amplitude and phase distortion intro- 
duced to the signal on the channel. 
[0036] A thirteenth aspect of the invention is an OFDM 
signal receiving apparatus for receiving OFDM signals 
containing a pilot signal of known amplitude and phase, ^ 
the OFDM signal receiving apparatus including a first 
Fouriertransform means for generating an OFDM signal 
in the frequency domain by a Fourier transform of the 
OFDM signal; a first dividing means for dividing the pilot 
signal contained in the frequency domain OFDM signal 20 
by a specified pilot signal, and generating a first frequen- 
cy response; a window function multiplying means for 
multiplying the first frequency response by a window 
function, and generating a second frequency response; 
an inverse Fouriertransform means for generating afirst 25 
impulse response by an inverse Fouriertransform of the 
second frequency response; a coring means for replac- 
ing data in the first impulse response less than or equal 
to a specified threshold value with zero signals, and gen- 
erating a second impulse response; a second Fourier 30 
transform means for generating a third frequency re- 
sponse by a Fourier transform of the second impulse 
response; a window function dividing means for dividing 
the third frequency response by the window function, 
and generating a fourth frequency response; a selection 35 
means for selecting the fourth frequency response for 
carriers within a specific range of the signal band center, 
selecting the first frequency response for the remaining 
carriers near the signal band edges, and generating a 
fifth frequency response; a holding means for holding 40 
the fifth f req uency response for a specific time, and gen- 
erating a sixth frequency response; and a second divid- 
ing means for dividing the frequency domain OFDM sig- 
nal by the sixth frequency response to compensate for 
amplitude and phase distortion introduced to the signal 45 
on the channel. 

[0037] A fourteenth aspect of the invention is an 
OFDM signal receiving apparatus as described in any 
one of aspects 11 to 13 wherein the OFDM signal has 
a finite length frame structure including a pilot symbol of so 
known amplitude and phase for ail carriers as the pre- 
amble; and the holding means holds the frequency re- 
sponse to the end of the frame. 
[0038] A fifteenth aspect of the invention is an O FDM 
signal receiving apparatus as described in any one of 55 
aspects 11 to 13 wherein the OFDM signal has a con- 
tinuous frame structure with a pilot symbol of known am- 
plitude and phase for all carriers inserted each frame 



period; and the holding means holds the frequency re- 
sponse for the frame period. 

[0039] Asixteenth aspect of the invention is an OFDM 
signal receiving apparatus as described in any one of 
aspects 1 to 15 wherein the threshold value used by the 
coring means is constant. 

[0040] A seventeenth aspect of the invention is an 
OFDM signal receiving apparatus as described in any 
one of aspects 1 to 1 5 wherein the threshold value used 
by the coring means is appropriately controlled. 
[0041] An eighteenth aspect of the invention is an 
OFDM signal receiving apparatus as described in as- 
pect 17 wherein the threshold value used by the coring 
means is controlled according to the impulse response. 
[0042] A nineteenth aspect of the invention is an 
OFDM signal receiving apparatus as described in as- 
pect 1 7 wherein the threshold value used by the coring 
means is controlled according to the noise level. 
[0043] A twentieth aspect of the invention is an OFDM 
signal receiving apparatus as described in aspect 1 , 3, 
6,8, 11, or 13 wherein the windowf unction is a Hamming 
window, Hanning window, or Blackman window. 

[Effect of the invention] 

[0044] An OFDM signal receiving apparatus accord- 
ing to the present invention improves reception perform- 
ance by reducing frequency response estimation error, 
and reduces the circuit scale required for a hardware 
implementation and the processing load required for a 
software implementation. 

[0045] Other objects and attainments together with a 
fuller understanding of the invention will become appar- 
ent and appreciated by referring to the following descrip- 
tion and claims taken in conjunction with the accompa- 
nying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0046] 

Fig. 1 is a schematic block diagram of an OFDM 
signal demodulator in a first embodiment of the 
present invention; 

Fig. 2 is a schematic block diagram of an OFDM 
signal demodulator in a second embodiment of the 
present invention; 

Fig. 3 is a schematic block diagram of an OFDM 
signal demodulator in a third embodiment of the 
present invention; 

Fig. 4 is a schematic block diagram of an OFDM 
signal demodulator in a fourth embodiment of the 
present invention; 

Fig. 5 is a schematic block diagram of an OFDM 
signal demodulator in a fifth embodiment of the 
present invention; 

Fig. 6 is a schematic block diagram showing an al- 
ternative configuration of an OFDM signal demod- 
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ulator in a third embodiment of the present inven- 
tion; 

Fig. 7 is a schematic block diagram showing an al- 
ternative configuration of an OFDM signal demod- 
ulator in a fourth embodiment of the present inven- s 
tion; 

Fig. 8 is a schematic block diagram showing an al- 
ternative configuration of an OFDM signal demod- 
ulator in a fifth embodiment of the present invention; 
Fig. 9 is a schematic diagram showing the arrange- io 
ment of a pilot signal in the present invention; 
Fig. 10 is a schematic block diagram of an OFDM 
signal receiving apparatus according to the present 
invention; 

Fig. 11 is a schematic block diagram of an OFDM 
signal demodulator according to the prior art; 
Fig. 12 schematically illustrates the operation of an 
OFDM signal demodulator according to the prior 
art; 

Fig. 13 is a schematic block diagram of an OFDM 20 
signal demodulator in a sixth embodiment of the 
present invention; and 

Fig. 14 is a schematic block diagram of an OFDM 
signal demodulator in a seventh embodiment of the 
present invention. 25 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0047] Fig. 9 shows an example of a signal received 30 
by the OFDM signal receiver of the present invention, 
and schematically shows pilot signal arrangement in the 
DVB-T and ISDB-T systems. In Fig. 9, k on the x-axis 
(frequency axis) is the carrier index, and i on the y-axis 
(time axis) is the symbol index. Solid dots represent the 35 
scattered pilot, and open circles represent the data car- 
rier containing control information (TPS (transmission 
parameter signalling) in DVB-T, TMCC (transmission 
multiplexing configuration control) in ISDB-T) and addi- 
tional information (AC (auxiliary channel) in ISDB-T). *o 
[0048] As shown in Fig. 9, the scattered pilot is insert- 
ed at every 1 2th carrier in each symbol with the location 
shifted three carriers in each symbol. The scattered pilot 
is also modulated using a pseudo random binary se- 
quence; the amplitude and phase are determined only 45 
by the carrier index k, and are independent of the symbol 
index i. 

[0049] Fig. 10 is a block diagram of an OFDM signal 
receiving apparatus according to the present invention. 
[0050] Referring to Fig. 10, a signal received by the so 
antenna 1 is supplied to the tuner 1 1 in the OFDM signal 
receiver 2. The tuner 1 1 extracts the OFDM signal con- 
taining the desired service from the reception signal 
supplied from the antenna, frequency converts the sig- 
nal from the RF (radio frequency) band to the IF (inter- 55 
mediate frequency) band, and adjusts the gain, and then 
supplies the resulting output to an OFDM signal demod- 
ulator 12. 



[0051] The OFDM signal demodulator 12 demodu- 
lates the tuner 1 1 output to restore the transmitted digital 
data, applies an error correction and decoding process 
to correct transmission error caused by noise, for exam- 
ple, added to the signal on the channel, and then sup- 
plies the resulting output to the source decoder 13. 
[0052] The source decoder 13 separates the output 
from the OFDM signal demodulator 12 into video and 
audio data, applies a data decompression process, and 
supplies the resulting output to the output section 14. 
The output section 1 4 then provides the desired service 
to the user by, for example, presenting video information 
from the source decoder 13 output on a display device 
such as a CRT (cathode ray tube) and outputting the 
audio information through speakers, or outputs the out- 
put from the source decoder 13 to an external device. 
[0053] Inside the OFDM signal demodulator 12, an 
quadrature demodulation circuit 21 frequency converts 
the tuner output from the IF band to the baseband by 
quadrature demodulation of the output from the tuner 
11, converts real number signals to complex number 
signals having an I (In phase) component and a Q 
(Quadrature phase) component, and supplies the re- 
sulting output to the Fourier transform circuit 22. 
[0054] The Fourier transform circuit 22 converts the 
output of the quadrature demodulation circuit 21 from 
the time domain to the frequency domain by Fourier 
transform, and supplies the output to the channel esti- 
mation circuit 23 and the first input of the divider 24. 
[0055] The channel estimation circuit 23 estimates 
the frequency response of the channel from the pilot sig- 
nal contained in the output of the Fourier transform cir- 
cuit 22, and supplies the output to the second input of 
the divider 24. 

[0056] The divider 24 then divides the output of the 
Fourier transform circuit 22 by the output of the channel 
estimation circuit 23 to compensate for amplitude and 
phase distortion introduced to the signal along the chan- 
nel, and outputs to the error correction circuit 25. 
[0057] The error correction circuit 25 applies an error 
correction process to the divider 24 output, and the out- 
put from the error correction circuit 25 is supplied as the 
output of the OFDM signal demodulator 1 2 to the source 
decoder 1 3. Error correction by this error correction cir- 
cuit 25 could include de-mapping, deinterleaving, Viterbi 
decoding, energy dispersion, or Reed-Solomon decod- 
ing, for example. 

[0058] Preferred embodiments of the present inven- 
tion are described below with reference to the accom- 
panying figures. 

Embodiment 1 

[0059] Fig. 1 is a block diagram of an OFDM signal 
demodulator 12b in a first embodiment of the present 
invention. This OFDM signal demodulator 12b is includ- 
ed in the OFDM signal receiver 2 shown in Fig. 10. 
[0060] Referring to Fig. 1 , the quadrature demodula- 
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tion circuit 21 frequency converts the iF band to the 
baseband by quadrature demodulation of the output 
from the tuner 11 in Fig. 10, converts real number sig- 
nals to complex number signals of I components and Q 
components, and outputs the result to the Fourier trans- 
form circuit 22. 

[0061] The Fourier transform circuit 22 converts the 
output of the quadrature demodulation circuit 21 from 
the time domain to the frequency domain by Fourier 
transform, and outputs the result to the channel estima- 
tion circuit 23b and the first input of the divider 24. 
[0062] The channel estimation circuit 23b estimates 
the f req uency response of the channel from the pilot sig- 
nal contained in the output of the Fourier transform cir- 
cuit 22, and the output of the estimation circuit 23b is 
then supplied to the second input of the divider 24. 
[0063] The divider 24 then compensates for ampli- 
tude and phase distortion introduced to the signal on the 
channel by dividing the output of the Fourier transform 
circuit 22 by the output of the channel estimation circuit 
23b. The divider 24 outputs the result to the error cor- 
rection circuit 25. 

[0064] The error correction circuit 25 applies error cor- 
rection to the divider 24 output, and the output from the 
error correction circuit 25 is supplied as the output of the 
OFDM signal demodulator 12 to the source decoder 13 
shown in Fig. 10. Error correction by this error correction 
circuit 25 could include de-mapping, deinterleaving, Vi- 
terbi decoding, energy dispersion, or Reed-Solomon 
decoding, for example. 

[0065] In the channel estimation circuit 23b shown in 
Fig. 1 , the pilot signal extraction circuit 31 extracts the 
pilot signal contained in the output of the Fourier trans- 
form circuit 22, and outputs the result to the first input 
of a divider 33. 

[0066] The pilot signal generator 32 generates a pilot 
signal of known amplitude and phase synchronized to 
the pilot signal extraction circuit 31 , and outputs the re- 
sulting pilot signal to the second input of the divider 33. 
[0067] The divider 33 then divides the output of the 
pilot signal extraction circuit 31 by the output of the pilot 
signal generator 32 to acquire the frequency response 
of the channel sampled at the pilot signal interval, and 
then outputs the result to the zero signal insertion circuit 
34a. 

[0068] The zero signal insertion circuit 34a inserts a 
zero signal to the output of the divider 33, and outputs 
the result to a window function multiplier 39a. 
[0069] The window function multiplier 39a multiplies 
the output of the zero signal insertion circuit 34a by a 
window function, and outputs the result to the inverse 
Fourier transform circuit 35a. 

[0070] The inverse Fourier transform circuit 35a con- 
verts the frequency response output from the window 
function multiplier 39a to an impulse response by in- 
verse Fourier transform, and outputs the result to the 
coring circuit 36a. 

[0071] The coring circuit 36a replaces data equal to 



or less than a specified threshold value in the output of 
the inverse Fourier transform circuit 35a with a zero sig- 
nal, and outputs the result to the truncation circuit 37a. 
[0072] The truncation circuit 37a truncates the coring 
5 circuit output to a specified length and replaces other 
data with a zero signal to remove aliasing components 
(due to the frequency response, which is the input to the 
inverse Fourier transform circuit 35a, being sampled at 
the pilot signal period). The truncation circuit 37a out- 
10 puts the result to the window function divider 40a. 

[0073] The window function divider 40a divides the 
output of the Fourier transform circuit 38a by the window 
function applied by the window function multiplier 39a. 
[0074] The output of the window function divider 40a 
is is then supplied as the output of the channel estimation 
circuit 23b to the second input of the divider 24. 
[0075] With this embodiment of the invention the fre- 
quency response acquired by the Fourier transform cir- 
cuit 38a applying Fourier transform to the output of the 
20 truncation circuit 37a is thus not only interpolated, but 
estimation error due to noise is reduced by the operation 
of the coring circuit 36a. 

[0076] In addition, fewer signal components are re- 
placed by zero signals in the coring circuit 36a because 
25 side lobe components of the impulse response output 
from the inverse Fourier transform circuit 35a are sup- 
pressed by the window function multiplier 39a applying 
a window function. Distortion in the frequency response 
acquired as the output of the Fourier transform circuit 
30 38a can thus be reduced. 

[0077] Note that in Fig. 1 the window function multi- 
plier 39a is located downstream of the zero signal inser- 
tion circuit 34a, but the window function multiplier 39a 
could be upstream of the zero signal insertion circuit 
35 34a. 

(Embodiment 2) 

[0078] Fig. 2 is a block diagram of an OFDM signal 

40 demodulator 1 2c in a second embodiment of the present 
invention. This OFDM signal demodulator 12c is includ- 
ed in the OFDM signal receiver 2 shown in Fig. 10. Like 
elements are identified by like reference numerals in 
Fig. 2 and Fig. 1 , and further description thereof is omit- 

45 ted beiow. 

[0079] Referring to Fig. 2, the output of the divider 33 
is supplied to the zero signal insertion circuit 34a and 
time axis interpolation circuit 41 . The time axis interpo- 
lation circuit 41 interpolates the frequency response 

50 (sampled at the pilot signal period) output from the di- 
vider 33 on the time axis, and outputs the result to the 
frequency axis interpolation circuit 42. 
[0080] The frequency axis interpolation circuit 42 in- 
terpolates the frequency response that was interpolated 

55 on the time axis by the time axis interpolation circuit 41 
on the frequency axis, and outputs the result to the first 
input of selection circuit 43a. The window function divid- 
er 40a outputs to the second input of the selection circuit 
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43a. 

[0081] The selection circuit 43a selects the frequency 
response output from the window function divider 40a 
for carriers within a specific range of the signal band 
center, selects the frequency response output from the 
frequency axis interpolation circuit 42 for the remaining 
carriers near the signal band edges, and outputs the re- 
sult to as the output of the channel estimation circuit 23c 
to the second input of the divider 24. 
[0082] Estimation error for the overall signal band can 
thus be reduced as a result of the selection circuit 43a 
selecting the frequency response in which estimation er- 
ror caused by noise has been reduced by the operation 
from the zero signal insertion circuit 34a to the window 
function divider 40a for carriers near the signal band 
center, and selecting the frequency response interpolat- 
ed by the time axis interpolation circuit 41 and frequency 
axis interpolation circuit 42 for carriers near the signal 
band edges where the frequency response is easily dis- 
torted. 

[0083] Note that in Fig. 2 the window function multi- 
plier 39a is located downstream of the zero signal inser- 
tion circuit 34a, but the window function multiplier 39a 
could be upstream of the zero signal insertion circuit 
34a. In addition, this embodiment of the invention can 
also be applied to implementations not having a window 
function multiplier 39a and window function divider 40a. 

(Embodiment 3) 

[0084] Fig. 3 is a block diagram of an OFDM signal 
demodulator 1 2d in a third embodiment of the present 
invention. This OFDM signal demodulator 1 2d is includ- 
ed in the OFDM signal receiver 2 shown in Fig. 1 0. Like 
elements are identified by like reference numerals in 
Fig. 3 and Fig. 1 , and further description thereof is omit- 
ted below. 

[0085] In Fig. 3 the output of the divider 33 is supplied 
to the inverse Fourier transform circuit 35b. inverse Fou- 
rier transform circuit 35b converts the frequency re- 
sponse output from the divider 33 to an impulse re- 
sponse by an inverse Fourier transform, and outputs the 
result to coring circuit 36b. 

[0086] The coring circuit 36b applies a coring process 
to the output from the inverse Fourier transform circuit 
35b, and outputs the result to Fourier transform circuit 
38b. 

[0087] The Fourier transform circuit 38b converts the 
impulse response from the coring circuit 36b to a fre- 
quency response by Fourier transform, and outputs the 
result to the time axis interpolation circuit 41 . 
[0088] The time axis interpolation circuit 41 interpo- 
lates the frequency response (sampled at the pilot signal 
period) output from the Fourier transform circuit 38b on 
the time axis, and outputs the result to the frequency 
axis interpolation circuit 42. 

[0089] The frequency axis interpolation circuit 42 in- 
terpolates the frequency response that was interpolated 



on the time axis by the time axis interpolation circuit 41 
on the frequency axis, and outputs the result as the out- 
put of the channel estimation circuit 23d to the second 
input of the divider 24. 
5 [0090] This embodiment of the invention reduces the 
data processed by the inverse Fourier transform circuit 
35b and Fourier transform circuit 38b as a result of not 
inserting zeroes before the inverse Fourier transform 
circuit 35b, and can therefore reduce the circuit scale 
10 needed for a hardware implementation and the number 
of operations performed in a software implementation. 
[0091] Note that the time axis interpolation circuit 41 
is located downstream of the Fourier transform circuit 
38b in Fig. 3, but the time axis interpolation circuit 41 
is could be located before the inverse Fourier transform 
circuit 35c as shown in Fig. 6. 

(Embodiment 4) 

20 [0092] Fig. 4 is a block diagram of an OFDM signal 
demodulator 12e in a fourth embodiment of the present 
invention. This OFDM signal demodulator 12e is includ- 
ed in the OFDM signal receiver 2 shown in Fig. 1 0. Like 
elements are identified by like reference numerals in 

25 Fig. 4 and Fig. 3, and further description thereof is omit- 
ted below. 

[0093] In Fig. 4 the output of the divider 33 is supplied 
to the window function multiplier 39b. The window func- 
tion multiplier 39b multiplies the output of the divider 33 
30 with a window function, and outputs the result to inverse 
Fourier transform circuit 35b. 

[0094] The output of the Fourier transform circuit 38b 
is supplied to the window function divider 40b. The win- 
dow function divider 40b divides the output of the Fourier 
35 transform circuit 38b by the window function applied by 
the window function multiplier 39b, and outputs the re- 
sult to the time axis interpolation circuit 41 . 
[0095] This embodiment of the invention reduces the 
data processed by the inverse Fourier transform circuit 
40 35b and Fourier transform circuit 38b as a result of not 
inserting zeroes before the inverse Fourier transform 
circuit 35b, and can therefore reduce the circuit scale 
needed for a hardware implementation and the number 
of operations performed in a software implementation. 
45 [0096] Furthermore, the number of signal compo- 
nents replaced by zero signals in the coring circuit 36b 
is reduced because the side lobe components of the im- 
pulse response output from the inverse Fourier trans- 
form circuit 35b are suppressed as a result of the win- 
so dow function multiplier 39b applying a window function. 
Distortion of the frequency response acquired as the 
output of the Fourier transform circuit 38b can thus be 
reduced. 

[0097] Note that the time axis interpolation circuit 41 
55 is disposed downstream of the window function divider 
40b in Fig. 4, but the time axis interpolation circuit 41 
could be located before the window function multiplier 
39c as shown in Fig. 7. 
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(Embodiment 5) 

[0098] Fig. 5 is a block diagram of an OFDM signal 
demodulator 12f in a fifth embodiment of the present in- 
vention. This OFDM signal demodulator 12f is included s 
in the OFDM signal receiver 2 shown in Fig. 1 0. Like 
elements are identified by like reference numerals in 
Fig. 5 and Fig. 4, and further description thereof is omit- 
ted below. 

[0099] In Fig. 5 the output of the divider 33 issupplied io 
to the window function multiplier 39b and the first input 
of the selection circuit 43b. The output of the window 
function divider 40b is supplied to the second input of 
the selection circuit 43b. 

[01 00] The selection circuit 43b selects the frequency is 
response output from the window function divider 40b 
for carriers within a specific range of the signal band 
center, selects the frequency response output from the 
divider 33 forthe remaining carriers near the signal band 
edges, and outputs the result to the time axis interpola- 20 
tion circuit 41. 

[0101] This embodiment of the invention reduces the 
data processed by the inverse Fourier transform circuit 
35b and Fourier transform circuit 38b as a result of not 
inserting zeroes before the inverse Fourier transform 25 
circuit 35b, and can therefore reduce the circuit scale 
needed for a hardware implementation and the number 
of operations performed in a software implementation. 
[0102] Furthermore, estimation error for the overall 
signal band can be reduced as a result of the selection 30 
circuit 43b selecting the frequency response in which 
estimation error caused by noise has been reduced by 
the operation from the window function multiplier 39b to 
the window function divider 40b for carriers near the sig- 
nal band center, and selecting the frequency response 35 
acquired by the divider 33 for carriers near the signal 
band edges where the frequency response is easily dis- 
torted. 

[0103] Note that this embodiment of the invention can 
also be applied to implementations not having a window 40 
function multiplier 39b and window function divider 40b. 
[0104] Furthermore, the time axis interpolation circuit 
41 is located after the selection circuit 43b in Fig. 5, but 
the time axis interpolation circuit 41 could be located up- 
stream of the window function multiplier 39c and selec- *s 
tion circuit 43c as shown in Fig. 8. 

(Embodiment 6) 

[0105] Fig. 13 is a block diagram of an OFDM signal so 
demodulator 12j in a sixth embodiment of the present 
invention. This OFDM signal demodulator 12j is includ- 
ed in the OFDM signal receiver 2 shown in Fig. 10. 
[0106] This embodiment of the invention applies to 
wireless LAN (local area network) systems that transmit 55 
finite length frames and send a pilot symbol containing 
the known amplitude and phase of all carriers in the pre- 
amble such as defined in IEEE (Institute of Electrical and 



Electronics Engineering) 802.11 a, and to systems such 
as the European terrestrial digital audio broadcasting 
(DAB) system that transmit continuous frames and in- 
sert a pilot symbol of known amplitude and phase for all 
carriers every frame period. 

[0107] Referring to Fig. 13, the quadrature demodu- 
lation circuit 21 frequency converts the IF band to the 
baseband by quadrature demodulation of the output 
from the tuner 11 in Fig. 10, converts real number sig- 
nals to complex number signals of I components and Q 
components, and outputs the result to the Fourier trans- 
form circuit 22. 

[0108] The Fourier transform circuit 22 converts the 
output of the quadrature demodulation circuit 21 from 
the time domain to the frequency domain by Fourier 
transform, and outputs the result to the channel estima- 
tion circuit 23j and the first input of the divider 24. 
[0109] The channel estimation circuit 23j estimates 
the frequency response of the channel from the pilot 
symbol contained in the output of the Fourier transform 
circuit 22, and the output of the estimation circuit 23j is 
then supplied to the second input of the divider 24. 
[0110] The divider 24 then compensates for ampli- 
tude and phase distortion introduced to the signal on the 
channel by dividing the output of the Fourier transform 
circuit 22 by the output of the channel estimation circuit 
23j. The divider 24 outputs the result to the error correc- 
tion circuit 25. 

[0111] The error correction circuit 25 applies error cor- 
rection to the divider 24 output, and the output from the 
error correction circuit 25 is supplied as the output of the 
OFDM signal demodulator 12j to the source decoder 13 
shown in Fig. 10. Error correction by this error correction 
circuit 25 could include de-mapping, deinterleaving, VI- 
terbi decoding, energy dispersion, or Reed-Solomon 
decoding, for example. 

[0112] In the channel estimation circuit 23j shown in 
Fig. 1 3, the pilot symbol extraction circuit 44 extracts the 
pilot symbol contained in the output of the Fourier trans- 
form circuit 22, and outputs the result to the first input 
of a divider 33. 

[01 1 3] The pilot symbol generator45 generates a pilot 
symbol of known amplitude and phase for all carriers 
synchronized to the pilot symbol extraction circuit 44, 
and outputs the result to the second input of the divider 
33. 

[0114] The divider 33 then divides the output of the 
pilot symbol extraction circuit 44 by the output of the pilot 
symbol generator 45 to acquire the frequency response 
of the channel, and then outputs the result to the window 
function multiplier 39a. 

[0115] The window function multiplier 39a multiplies 
the output of the divider 33 by a window function, and 
outputs the result to inverse Fourier transform circuit 
35a. 

[0116] The inverse Fourier transform circuit 35a con- 
verts the frequency response output from the window 
function multiplier 39a to an impulse response by in- 
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verse Fourier transform, and outputs the result to the 
coring circuit 36a. 

[0117] The coring circuit 36a replaces data equal to 
or less than a specified threshold value in the output of 
the inverse Fourier transform circuit 35a with a zero sig- 5 
nal, and outputs the resultto the Fourier transform circuit 
38a. 

[0118] The Fourier transform circuit 38a converts the 
impulse response output from the coring circuit 36a to 
a frequency response by Fourier transform, andoutputs 10 
the result to the window function divider 40a. 
[0119] The window function divider 40a divides the 
output of the Fourier transform circuit 38a by the window 
function applied by the window function multiplier 39a, 
and outputs the result to hold circuit 46. is 
[0120] This hold circuit 46 holds the output of the win- 
dow function divider 40a until the end of the frame in a 
system such as IEEE 802.1 1a using finite length frames 
and transmitting the pilot symbol in the preamble, or for 
the frame period in a system such as DAB using contin- 20 
uous frames with the pilot symbol transmitted each 
frame period. The output of the hold circuit 46 is then 
supplied as the output of the channel estimation circuit 
23j to the second input of the divider 24. 
[0121] The operation of the coring circuit 36a in this 25 
embodiment of the invention thus reduces estimation er- 
ror due to noise in the frequency response acquired by 
the Fourier transform applied by the Fourier transform 
circuit 38a to the output of the coring circuit 36a. 
[01 22] Furthermore, fewer signal components are re- 30 
placed by zero signals in the coring circuit 36a because 
side lobe components of the impulse response output 
from the inverse Fourier transform circuit 35a are sup- 
pressed by the window function multiplier 39a applying 
a window function. Distortion in the frequency response 35 
acquired as the output of the Fourier transform circuit 
38a can thus be reduced. 

[0123] In systems such as IEEE 802.11 athattransmit 
a pilot signal of known amplitude and phase using a spe- 
cific carrier in the frame period, the hold circuit 46 could <o 
compensate for variation in amplitude and phase using 
the pilot signal. 

(Embodiment 7) 

45 

[0124] Fig. 14 is a block diagram of an OFDM signal 
demodulator 1 2k in a seventh embodiment of the 
present invention. This OFDM signal demodulator 12k 
is included in the OFDM signal receiver 2 shown in Fig. 
1 0. Like elements are identified by like reference numer- so 
als in Fig. 14 and Fig. 13, and further description thereof 
is omitted below. 

[0125] In Fig. 14 the output of the divider 33 is sup- 
plied to the window function multiplier 39a and the first 
input of the selection circuit 43a. The output of the win- 55 
dow function divider 40a is supplied to the second input 
to the selection circuit 43a. 

[0126] The selection circuit 43a selects the frequency 



response output from the window function divider 40a 
for carriers within a specific range of the signal band 
center, selects the frequency response output from the 
divider 33 for the remaining carriers near the signal band 
edges, and outputs the result to the hold circuit 46. 
[01 27] Estimation error for the overall signal band can 
thus be reduced as a result of the selection circuit 43a 
selecting the frequency response in which estimation er- 
ror caused by noise has been reduced by the operation 
from the window function multiplier 39a to the window 
function divider 40a for carriers near the signal band 
center, and selecting the frequency response calculated 
by the divider 33 for carriers near the signal band edges 
where the frequency response is easily distorted. 
[01 28] Note that this embodiment of the invention can 
also be applied to implementations not having a window 
function multiplier 39a and window function divider 40a. 
[01 29] The threshold values used in the coring circuits 
36a, 36b, 36c in the foregoing embodiments can be a 
fixed value or can be appropriately controlled. Methods 
of appropriately controlling this threshold value include 
controlling the threshold value according to the impulse 
response, or according to the noise level. 
[0130] Furthermore, the window function applied by 
the window function multipliers 39a, 39b, 39c and the 
window function dividers 40a, 40b, 40c in the foregoing 
embodiments is preferably a function, such as a Ham- 
ming window, Hanning window, or Blackman window, 
that can suppress side lobe components. 
[0131] The foregoing embodiments are described us- 
ing by way of example transmission systems such as 
DVB-T or ISDB-Tthat include a pilot signal dispersed in 
the signal band, a transmission system such as IEEE 
802.1 1 a using finite length frames and transmit the pilot 
symbol in the preamble, or a transmission system such 
as DAB using continuous frames with the pilot symbol 
transmitted each frame period, but other transmission 
methods that send a pilot signal of known amplitude and 
phase could be used. 

[0132] Furthermore, although not shown in the fig- 
ures, the position of the AD (analog to digital) converter 
used for digital signal processing in the OFDM signal 
demodulator is not specifically related to the operating 
principle of the present invention, and the same principle 
can be applied regardless of where the AD converter is 
inserted. 

[0133] Individual elements in the foregoing embodi- 
ments of the invention are also described herein as dis- 
crete hardware components having a specific function, 
but the invention is not limited to such implementations 
and part or all of the elements of the invention can be 
achieved as software constructions executed by a DSP 
or other general -purpose hardware configuration. 

Applications in industry 

[0134] An OFDM signal receiving apparatus accord- 
ing to the present invention improves reception perform- 
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ance by reducing frequency response estimation error, 
and reduces the circuit scale needed for a hardware im- 
plementation and the number of operations performed 
in a software implementation. The OFDM signal receiv- 
ing apparatus of this invention can therefore be benefi- 5 
cially used as a digital broadcast receiver, wireless LAN 
modem, cell phone, or other wireless communication 
terminal. The invention can also be used in wired com- 
munication modems connected to a telephone line, 
power line, coaxial cable, or optical fiber, for example. 10 
[0135] Although the present invention has been de- 
scribed in connection with the preferred embodiments 
thereof with reference to the accompanying drawings, it 
is to be noted that various changes and modifications 
will be apparent to those skilled in the art. Such changes 15 
and modifications are to be understood as included with- 
in the scope of the present invention as defined by the 
appended claims, unless they depart therefrom. 



Claims 

1. An OFDM signal receiving apparatus for receiving 
OFDM (orthogonal frequency division multiplexing) 
signals containing a pilot signal of known amplitude 25 
and phase, comprising: 

a first Fourier transform means for generating 
an OFDM signal in the frequency domain by a 
Fourier transform of the OFDM signal; 30 
a first dividing means for dividing the pilot signal 
contained in the frequency domain OFDM sig- 
nal by a specified pilot signal, and generating a 
first frequency response; 

a zero insertion means for inserting zero sig- 35 
nals to the first frequency response, and gen- 
erating a second frequency response; 
a window function multiplying means for multi- 
plying the second frequency response by a win- 
dow function, and generating a third frequency 40 
response; 

an inverse Fourier transform means for gener- 
ating a first impulse response by an inverse 
Fourier transform of the third frequency re- 
sponse; 45 
a coring means for replacing data in the first im- 
pulse response less than or equal to a specified 
threshold value with zero signals, and generat- 
ing a second impulse response; 
a truncation means for truncating the second so 
impulse response at a specified data length, re- 
placing other data with zero signals, and gen- 
erating a third impulse response; 
a second Fourier transform means for generat- 
ing a fourth frequency response by a Fourier 55 
transform of the third impulse response; 
a window function dividing means for dividing 
the fourth frequency response by the window 



function, and generating a fifth frequency re- 
sponse; and 

a second dividing means for dividing the fre- 
quency domain OFDM signal by the fifth fre- 
quency response to compensate for amplitude 
and phase distortion introduced to the signal on 
the channel. 

2. An OFDM signal receiving apparatus for receiving 
OFDM signals containing a pilot signal of known 
amplitude and phase, comprising: 

a first Fourier transform means for generating 
an OFDM signal in the frequency domain by a 
Fourier transform of the OFDM signal; 
a first dividing means for dividing the pilot signal 
contained in the frequency domain OFDM sig- 
nal by a specified pilot signal, and generating a 
first frequency response; 
a zero insertion means for inserting zero sig- 
nals to the first frequency response, and gen- 
erating a second frequency response; 
an inverse Fourier transform means for gener- 
ating a first impulse response by an inverse 
Fourier transform of the second frequency re- 
sponse; 

a coring means for replacing data in the first im- 
pulse response less than or equal to a specified 
threshold value with zero signals, and generat- 
ing a second impulse response; 
a truncation means for truncating the second 
impulse response at a specified data length, re- 
placing other data with zero signals, and gen- 
erating a third impulse response; 
a second Fourier transform means for generat- 
ing a third frequency response by a Fourier 
transform of the third impulse response; 
a time axis interpolation means for interpolating 
the first frequency response along the time ax- 
is, and generating a fourth frequency response; 
a frequency axis interpolation means for inter- 
polating the fourth frequency response along 
the frequency axis, and generating a fifth fre- 
quency response; 

a selection means for selecting the third fre- 
quency response for carriers within a specific 
range of the signal band center, selecting the 
fifth frequency response for the remaining car- 
riers near the signal band edges, and generat- 
ing a sixth frequency response; and 
a second dividing means for dividing the fre- 
quency domain OFDM signal by the sixth fre- 
quency response to compensate for amplitude 
and phase distortion introduced to the signal on 
the channel. 

3. An OFDM signal receiving apparatus for receiving 
OFDM signals containing a pilot signal of known 
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amplitude and phase, comprising: 

a first Fourier transform means for generating 
an OFDM signal in the frequency domain by a 
Fourier transform of the OFDM signal; 5 
a first dividing means for dividing the pilot signal 
contained in the frequency domain OFDM sig- 
nal by a specified pilot signal, and generating a 
first frequency response; 

a zero insertion means for inserting zero sig- 10 
nals to the first frequency response, and gen- 
erating a second frequency response; 
a window function multiplying means for multi- 
plying the second frequency response by a win- 
dow function, and generating a third frequency is 
response; 

an inverse Fourier transform means for gener- 
ating a first impulse response by an inverse 
Fourier transform of the third frequency re- 
sponse; 20 
a coring means for replacing data in the first im- 
pulse response less than or equal to a specified 
threshold value with zero signals, and generat- 
ing a second impulse response; 
a truncation means for truncating the second 25 
impulse response at a specified data length, re- 
placing other data with zero signals, and gen- 
erating a third impulse response; 
a second Fourier transform means for generat- 
ing a fourth frequency response by a Fourier 30 
transform of the third impulse response; 
a window function dividing means for dividing 
the fourth frequency response by the window 
function, and generating a fifth frequency re- 
sponse; 35 
a time axis interpolation means for interpolating 
the first frequency response along the time ax- 
is, and generating a sixth frequency response; 
a frequency axis interpolation means for inter- 
polating the sixth frequency response along the *o 
frequency axis, and generating a seventh fre- 
quency response; 

a selection means for selecting the fifth fre- 
quency response for carriers within a specific 
range of the signal band center, selecting the 45 
seventh frequency response for the remaining 
carriers near the signal band edges, and gen- 
erating an eighth frequency response; and 
a second dividing means for dividing the fre- 
quency domain OFDM signal by the eighth fre- so 
quency response to compensate for amplitude 
and phase distortion introduced to the signal on 
the channel. 

An OFDM signal receiving apparatus as described 55 
in claim 1 or 3, wherein the window function multi- 
plying means is disposed upstream of the zero in- 
sertion means. 



5. An OFDM signal receiving apparatus for receiving 
OFDM signals containing a pilot signal of known 
amplitude and phase, comprising: 

a first Fourier transform means for generating 
an OFDM signal in the frequency domain by a 
Fourier transform of the OFDM signal; 
a first dividing means for dividing the pilot signal 
contained in the frequency domain OFDM sig- 
nal by a specified pilot signal, and generating a 
first frequency response; 
an inverse Fourier transform means for gener- 
ating a first impulse response by an inverse 
Fourier transform of the first frequency re- 
sponse; 

a coring means for replacing data in the first im- 
pulse response less than or equal to a specified 
threshold value with zero signals, and generat- 
ing a second impulse response; 
a second Fourier transform means for generat- 
ing a second frequency response by a Fourier 
transform of the second impulse response; 
a time axis interpolation means for interpolating 
the second frequency response along the time 
axis, and generating a third frequency re- 
sponse; 

a frequency axis interpolation means for inter- 
polating the third frequency response along the 
frequency axis, and generating a fourth fre- 
quency response; and 

a second dividing means for dividing the fre- 
quency domain OFDM signal by the fourth fre- 
quency response to compensate for amplitude 
and phase distortion introduced to the signal on 
the channel. 

6. An OFDM signal receiving apparatus for receiving 
OFDM signals containing a pilot signal of known 
amplitude and phase, comprising: 

a first Fourier transform means for generating 
an OFDM signal in the frequency domain by a 
Fourier transform of the OFDM signal; 
a first dividing means for dividing the pilot signal 
contained in the frequency domain OFDM sig- 
nal by a specified pilot signal, and generating a 
first frequency response; 
a window function multiplying means for multi- 
plying the first frequency response by a window 
function, and generating a second frequency 
response; 

an inverse Fourier transform means for gener- 
ating a first impulse response by an inverse 
Fourier transform of the second frequency re- 
sponse; 

a coring means for replacing data in the first im- 
pulse response less than or equal to a specified 
threshold value with zero signals, and generat- 
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ing a second impulse response; 
a second Fourier transform means for generat- 
ing a third frequency response by a Fourier 
transform of the second impulse response; 
a window function dividing means for dividing 5 
the third frequency response by the window 
function, and generating a fourth frequency re- 
sponse; 

a time axis interpolation means for interpolating 
the fourth frequency response along the time 10 
axis, and generating a fifth frequency response; 
a frequency axis interpolation means for inter- 
polating the fifth frequency response along the 
frequency axis, and generating a sixth frequen- 
cy response; and *s 
a second dividing means for dividing the fre- 
quency domain OFDM signal by the sixth fre- 
quency response to compensate for amplitude 
and phase distortion introduced to the signal on 
the channel. 20 

7. An OFDM signal receiving apparatus for receiving 
OFDM signals containing a pilot signal of known 
amplitude and phase, comprising: 

25 

a first Fourier transform means for generating 
an OFDM signal in the frequency domain by a 
Fourier transform of the OFDM signal; 
a first dividing means for dividing the pilot signal 
contained in the frequency domain OFDM sig- 30 
nal by a specified pilot signal, and generating a 
first frequency response; 
a coring means for replacing data in the first im- 
pulse response less than or equal to a specified 
threshold value with zero signals, and generat- 35 
ing a second impulse response; 
a second Fourier transform means for generat- 
ing a second frequency response by a Fourier 
transform of the second impulse response; 
a selection means for selecting the second fre- *o 
quency response for carriers within a specific 
range of the signal band center, selecting the 
first frequency response for the remaining car- 
riers near the signal band edges, and generat- 
ing a third frequency response; 45 
a time axis interpolation means for interpolating 
the third frequency response along the time ax- 
is, and generating a fourth frequency response; 
a frequency axis interpolation means for inter- 
polating the fourth frequency response along so 
the frequency axis, and generating a fifth fre- 
quency response; 

a second dividing means for dividing the fre- 
quency domain OFDM signal by the fifth fre- 
quency response to compensate for amplitude 55 
and phase distortion i ntroduced to the signal on 
the channel. 



8. An OFDM signal receiving apparatus for receiving 
OFDM signals containing a pilot signal of known 
amplitude and phase, comprising: 

a first Fourier transform means for generating 
an OFDM signal in the frequency domain by a 
Fourier transform of the OFDM signal; 
a first dividing means for dividing the pilot signal 
contained in the frequency domain OFDM sig- 
nal by a specified pilot signal, and generating a 
first frequency response; 
a window function multiplying means for multi- 
plying the first frequency response by a window 
function, and generating a second frequency 
response; 

an inverse Fourier transform means for gener- 
ating a first impulse response by an inverse 
Fourier transform of the second frequency re- 
sponse; 

a coring means for replacing data in the first im- 
pulse response less than or equal to a specified 
threshold value with zero signals, and generat- 
ing a second impulse response; 
a second Fourier transform means for generat- 
ing a third frequency response by a Fourier 
transform of the second impulse response; 
a window function dividing means for dividing 
the third frequency response by the window 
function, and generating a fourth frequency re- 
sponse; 

a selection means for selecting the fourth fre- 
quency response for carriers within a specific 
range of the signal band center, selecting the 
first frequency response for the remaining car- 
riers near the signal band edges, and generat- 
ing a fifth frequency response; 
a time axis interpolation means for interpolating 
the fifth frequency response along the time ax- 
is, and generating a sixth frequency response; 
a frequency axis interpolation means for inter- 
polating the sixth frequency response along the 
frequency axis, and generating a seventh fre- 
quency response; 

a second dividing means for dividing the fre- 
quency domain OFDM signal by the seventh 
frequency response to compensate for ampli- 
tude and phase distortion introduced to the sig- 
nal on the channel. 

9. An OFDM signal receiving apparatus as described 
in claim 5 or 7, wherein the time axis interpolating 
means is disposed upstream of the inverse Fourier 
transform means. 

10. An OFDM signal receiving apparatus as described 
in claim 6 or 8, wherein the time axis interpolating 
means is disposed upstream of the window function 
multiplying means. 
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11. An OFDM signal receiving apparatus for receiving 
OFDM signals containing a pilot signal of known 
amplitude and phase, comprising: 

a first Fourier transform means for generating 5 
an OFDM signal in the frequency domain by a 
Fourier transform of the OFDM signal; 
a first dividing means for dividing the pilot signal 
contained in the frequency domain OFDM sig- 
nal by a specified pilot signal, and generating a 10 
first frequency response; 
a window function multiplying means for multi- 
plying the first frequency response by a window 
function, and generating a second frequency 
response; 15 
an inverse Fourier transform means for gener- 
ating a first impulse response by an inverse 
Fourier transform of the second frequency re- 
sponse; 

a coring means for replacing data in the first im- 20 
pulse response less than or equal to a specified 
threshold value with zero signals, and generat- 
ing a second impulse response; 
a second Fourier transform means for generat- 
ing a third frequency response by a Fourier 25 
transform of the second impulse response; 
a window function dividing means for dividing 
the third frequency response by the window 
function, and generating a fourth frequency re- 
sponse; 30 
a holding means for holding the fourth frequen- 
cy response for a specific time, and generating 
a fifth frequency response; and 
a second dividing means for dividing the fre- 
quency domain OFDM signal by the fifth fre- 35 
quency response to compensate for amplitude 
and phase distortion introduced to the signal on 
the channel. 

12. An OFDM signal receiving apparatus for receiving *o 
OFDM signals containing a pilot signal of known 
amplitude and phase, comprising: 

a first Fourier transform means for generating 
an OFDM signal in the frequency domain by a 45 
Fourier transform of the OFDM signal; 
a first dividing means fo r dividing the pilot signal 
contained in the frequency domain OFDM sig- 
nal by a specified pilot signal, and generating a 
first frequency response; so 
a coring means for replacing data in the first im- 
pulse response less than or equal to a specified 
threshold value with zero signals, and generat- 
ing a second impulse response; 
a second Fourier transform means for generat- 55 
ing a second frequency response by a Fourier 
transform of the second impulse response; 
a selection means for selecting the second fre- 



quency response for carriers within a specific 
range of the signal band center, selecting the 
first frequency response for the remaining car- 
riers near the signal band edges, and generat- 
ing a third frequency response; 
a holding means for holding the third frequency 
response for a specific time, and generating a 
fourth frequency response; and 
a second dividing means for dividing the fre- 
quency domain OFDM signal by the fourth fre- 
quency response to compensate for amplitude 
and phase distortion introduced to the signal on 
the channel. 

13. An OFDM signal receiving apparatus for receiving 
OFDM signals containing a pilot signal of known 
amplitude and phase, comprising: 

a first Fourier transform means for generating 
an OFDM signal in the frequency domain by a 
Fourier transform of the OFDM signal; 
a first dividing means for dividing the pilot signal 
contained in the frequency domain OFDM sig- 
nal by a specified pilot signal, and generating a 
first frequency response; 
a window function multiplying means for multi- 
plying the first frequency response by a window 
function, and generating a second frequency 
response; 

an inverse Fourier transform means for gener- 
ating a first impulse response by an inverse 
Fourier transform of the second frequency re- 
sponse; 

a coring means for replacing data in the first im- 
pulse response less than or equal to a specified 
threshold value with zero signals, and generat- 
ing a second impulse response; 
a second Fourier transform means for generat- 
ing a third frequency response by a Fourier 
transform of the second impulse response; 
a window function dividing means for dividing 
the third frequency response by the window 
function, and generating a fourth frequency re- 
sponse; 

a selection means for selecting the fourth fre- 
quency response for carriers within a specific 
range of the signal band center, selecting the 
first frequency response for the remaining car- 
riers near the signal band edges, and generat- 
ing a fifth frequency response; 
a holding means for holding the fifth frequency 
response for a specific time, and generating a 
sixth frequency response; and 
a second dividing means for dividing the fre- 
quency domain OFDM signal by the sixth fre- 
quency response to compensate for amplitude 
and phase distortion introduced to the signal on 
the channel. 
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14. An OFDM signal receiving apparatus as described 
in any one of claims 11 to 13, wherein the OFDM 
signal has a finite length frame structure including 
a pilot symbol of known amplitude and phase for all 
carriers as the preamble; and 5 

the holding means holds the frequency re- 
sponse to the end of the frame. 

15. An OFDM signal receiving apparatus as described 

in any one of claims 11 to 13, wherein the OFDM 10 
signal has a continuous frame structure with a pilot 
symbol of known amplitude and phase for all carri- 
ers inserted each frame period; and 

the holding means holds the frequency re- 
sponse for the frame period. is 

16. An OFDM signal receiving apparatus as described 
in any one of claims 1 to 15, wherein the threshold 
value used by the coring means is constant. 

20 

17. An OFDM signal receiving apparatus as described 
in any one of claims 1 to 15, wherein the threshold 
value used by the coring means is appropriately 
controlled. 

25 

16. An OFDM signal receiving apparatus as described 
in claim 1 7, wherein the threshold value used by the 
coring means is controlled according to the impulse 
response. 

30 

19. An OFDM signal receiving apparatus as described 
in claim 17, wherein the threshold value used by the 
coring means is controlled according to the noise 
level. 

35 

20. An OFDM signal receiving apparatus as described 
in claim 1, 3, 6, 8, 11 or 13, wherein the window 
function is a Hamming window, Hanning window, or 
Blackman window. 

40 

21. An OFDM signal receiving method for receiving 
OFDM signals containing a pilot signal of known 
amplitude and phase, comprising: 

a step of generating an OFDM signal in the fre- 45 
quency domain by a Fourier transform of the 
OFDM signal; 

a step of dividing the piiot signal contained in 
the frequency domain OFDM signal by a spec- 
ified pilot signal, and generating a first frequen- so 
cy response; 

a step of inserting zero signals to the first fre- 
quency response, and generating a second fre- 
quency response; 

a step of multiplying the second frequency re- 55 
sponse by a window function, and generating 
a third frequency response; 
a step of generating a first impulse response by 



an inverse Fourier transform of the third fre- 
quency response; 

a step of replacing data in the first impulse re- 
sponse less than or equal to a specified thresh- 
old value with zero signals, and generating a 
second impulse response; 
a step of truncating the second impulse re- 
sponse at a specified data length, replacing 
other data with zero signals, and generating a 
third impulse response; 
a step of generating a fourth frequency re- 
sponse by a Fourier transform of the third im- 
pulse response; 

a step of dividing the fourth frequency response 
by the window function, and generating a fifth 
frequency response; and 
a step of dividing the frequency domain OFDM 
signal by the fifth frequency response to com- 
pensate for amplitude and phase distortion in- 
troduced to the signal on the channel. 

22. An OFDM signal receiving method for receiving 
OFDM signals containing a pilot signal of known 
amplitude and phase, comprising: 

a step of generating an OFDM signal in the fre- 
quency domain by a Fourier transform of the 
OFDM signal; 

a step of dividing the pilot signal contained in 
the frequency domain OFDM signal by a spec- 
ified pilot signal, and generating a first frequen- 
cy response; 

a step of inserting zero signals to the first fre- 
quency response, and generating a second fre- 
quency response; 

a step of generating a first impulse response by 
an inverse Fourier transform of the second fre- 
quency response; 

a step of replacing data in the first impulse re- 
sponse less than or equal to a specified thresh- 
old value with zero signals, and generating a 
second impulse response; 
a step of truncating the second impulse re- 
sponse at a specified data length, replacing 
other data with zero signals, and generating a 
third impulse response; 
a step of generating a third frequency response 
by a Fourier transform of the third impulse re- 
sponse; 

a step of interpolating the first frequency re- 
sponse along the time axis, and generating a 
fourth frequency response; 
a step of interpolating the fourth frequency re- 
sponse along the frequency axis, and generat- 
ing a fifth frequency response; 
a step of selecting the third frequency response 
for carriers within a specific range of the signal 
band center, selecting the fifth frequency re- 
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sponse for the remaining carriers near the sig- 
nal band edges, and generating a sixth fre- 
quency response; and 

a step of dividing the frequency domain OFDM 
signal by the sixth frequency response to com- 5 
pensate for amplitude and phase distortion in- 
troduced to the signal on the channel. 

23. An OFDM signal receiving method for receiving 
OFDM signals containing a pilot signal of known 10 
amplitude and phase, comprising: 

a step of generating an OFDM signal in the fre- 
quency domain by a Fourier transform of the 
OFDM signal; w 
a step of dividing the pilot signal contained in 
the frequency domain OFDM signal by a spec- 
ified pilot signal, and generating a first frequen- 
cy response; 

a step of inserting zero signals to the first fre- 20 
quency response, and generating a second fre- 
quency response; 

a step of multiplying the second frequency re- 
sponse by a window function, and generating 
a third frequency response; 25 
a step of generating a first impulse response by 
an inverse Fourier transform of the third fre- 
quency response; 

a step of replacing data in the first impulse re- 
sponse less than or equal to a specified thresh- 30 
old value with zero signals, and generating a 
second impulse response; 
a step of truncating the second impulse re- 
sponse at a specified data length, replacing 
other data with zero signals, and generating a 35 
third impulse response; 
a step of generating a fourth frequency re- 
sponse by a Fourier transform of the third im- 
pulse response; 

a step of dividing the fourth frequency response 40 
by the window function, and generating a fifth 
frequency response; 

a step of interpolating the first frequency re- 
sponse along the time axis, and generating a 
sixth frequency response; *s 
a step of interpolating the sixth frequency re- 
sponse along the frequency axis, and generat- 
ing a seventh frequency response; 
a step of selecting the fifth frequency response 
for carriers within a specific range of the signal so 
band center, selecting the seventh frequency 
response for the remaining carriers near the 
signal band edges, and generating an eighth 
frequency response; and 

a step of dividing the frequency domain OFDM 55 
signal by the eighth frequency response to 
compensate for amplitude and phase distortion 
introduced to the signal on the channel. 



24. An OFDM signal receiving method as described in 
claim 21 or 23, wherein the step of multiplying the 
frequency response by a window function is execut- 
ed before the step of inserting zero signals to the 
frequency response. 

25. An OFDM signal receiving method for receiving 
OFDM signals containing a pilot signal of known 
amplitude and phase, comprising: 

a step of generating an OFDM signal in the fre- 
quency domain by a Fourier transform of the 
OFDM signal; 

a step of dividing the pilot signal contained in 
the frequency domain OFDM signal by a spec- 
ified pilot signal , and generating a first frequen- 
cy response; 

a step of generating a first impulse response by 
an inverse Fourier transform of the first fre- 
quency response; 

a step of replacing data in the first impulse re- 
sponse less than or equal to a specified thresh- 
old value with zero signals, and generating a 
second impulse response; 
a step of generating a second frequency re- 
sponse by a Fourier transform of the second im- 
pulse response; 

a step of interpolating the second frequency re- 
sponse along the time axis, and generating a 
third frequency response; 
a step of interpolating the third frequency re- 
sponse along the frequency axis, and generat- 
ing a fourth frequency response; and 
a step of dividing the frequency domain OFDM 
signal by the fourth frequency response to com- 
pensate for amplitude and phase distortion in- 
troduced to the signal on the channel. 

26. An OFDM signal receiving method for receiving 
OFDM signals containing a pilot signal of known 
amplitude and phase, comprising: 

a step of generating an OFDM signal in the fre- 
quency domain by a Fourier transform of the 
OFDM signal; 

a step of dividing the pilot signal contained in 
the frequency domain OFDM signal by a spec- 
ified pilot signal, and generating a first frequen- 
cy response; 

a step of multiplying the first frequency re- 
sponse by a window function, and generating 
a second frequency response; 
a step of generating a first impulse response by 
an inverse Fourier transform of the second fre- 
quency response; 

a step of replacing data in the first impulse re- 
sponse less than or equal to a specified thresh- 
old value with zero signals, and generating a 
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second impulse response; 

a step of generating a third frequency response 

by a Fourier transform of the second impulse 

response; 

a step of dividing the third frequency response 
by the window function, and generating a fourth 
frequency response; 

a step of interpolating the fourth frequency re- 
sponse along the time axis, and generating a 
fifth frequency response; 
a step of interpolating the fifth frequency re- 
sponse along the frequency axis, and generat- 
ing a sixth frequency response; and 
a step of dividing the frequency domain OFDM 
signal by the sixth frequency response to com- 
pensate for amplitude and phase distortion in- 
troduced to the signal on the channel. 

27. An OFDM signal receiving method for receiving 
OFDM signals containing a pilot signal of known 
amplitude and phase, comprising: 

a step of generating an OFDM signal in the fre- 
quency domain by a Fourier transform of the 
OFDM signal; 

a step of dividing the pilot signal contained in 
the frequency domain OFDM signal by a spec- 
ified pilot signal, and generating a first frequen- 
cy response; 

a step of replacing data in the first impulse re- 
sponse less than or equal to a specified thresh- 
old value with zero signals, and generating a 
second impulse response; 
a step of generating a second frequency re- 
sponse by a Fouriertransform of the second im- 
pulse response; 

a step of selecting the second frequency re- 
sponse for carriers within a specific range of the 
signal band center, selecting the first frequency 
response for the remaining carriers near the 
signal band edges, and generating a third fre- 
quency response; 

a step of interpolating the third frequency re- 
sponse along the time axis, and generating a 
fourth frequency response; 
a step of interpolating the fourth frequency re- 
sponse along the frequency axis, and generat- 
ing a fifth frequency response; 
a step of dividing the frequency domain OFDM 
signal by the fifth frequency response to com- 
pensate for amplitude and phase distortion in- 
troduced to the signal on the channel. 

28. An OFDM signal receiving method for receiving 
OFDM signals containing a pilot signal of known 
amplitude and phase, comprising: 

a step of generating an OFDM signal in the fre- 



quency domain by a Fourier transform of the 
OFDM signal; 

a step of dividing the pilot signal contained in 
the frequency domain OFDM signal by a spec- 
5 ified pilot signal, and generating a first frequen- 

cy response; 

a step of multiplying the first frequency re- 
sponse by a window function, and generating 
a second frequency response; 
10 a step of generating a first impulse response by 

an inverse Fouriertransform of the second fre- 
quency response; 

a step of replacing data in the first impulse re- 
sponse less than or equal to a specified thresh- 
es old value with zero signals, and generating a 
second impulse response; 
a step of generating a third frequency response 
by a Fourier transform of the second impulse 
response; 

20 a step of dividing the third frequency response 

by the window function, and generating a fourth 
frequency response; 

a step of selecting the fourth frequency re- 
sponse for carriers within a specific range of the 
25 signal band center, selecting the first frequency 

response for the remaining carriers near the 
signal band edges, and generating a fifth fre- 
quency response; 

a step of interpolating the fifth frequency re- 
30 sponse along the time axis, and generating a 

sixth frequency response; 
a step of interpolating the sixth frequency re- 
sponse along the frequency axis, and generat- 
ing a seventh frequency response; 
35 a step of dividing the frequency domain OFDM 

signal by the seventh frequency response to 
compensate for amplitude and phase distortion 
introduced to the signal on the channel. 

40 29. An OFDM signal receiving method as described in 
claim 25 or 27, wherein the step of interpolating the 
frequency response on the time axis is executed be- 
fore the step of generating an impulse response by 
an inverse Fourier transform of the frequency re- 

45 sponse. 

30. An OFDM signal receiving method as described in 
claim 26 or 28, wherein the step of interpolating the 
frequency response on the time axis is executed be- 
so fore the step of multiplying the frequency response 

by the window function. 

31. An OFDM signal receiving method for receiving 
OFDM signals containing a pilot signal of known 

55 amplitude and phase, comprising: 

a step of generating an OFDM signal in the fre- 
quency domain by a Fourier transform of the 
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OFDM signal; 

a step of dividing the pilot signal contained in 
the frequency domain OFDM signal by a spec- 
ified pilot signal, and generating a first frequen- 
cy response; 5 
a step of multiplying the first frequency re- 
sponse by a window function, and generating 
a second frequency response; 
a step of generating a first impulse response by 
an inverse Fourier transform of the second fre- 10 
quency response; 

a step of replacing data in the first impulse re- 
sponse less than or equal to a specified thresh- 
old value with zero signals, and generating a 
second impulse response; 15 
a step of generating a third frequency response 
by a Fourier transform of the second impulse 
response; 

a step of dividing the third frequency response 
by the window function , and generating a fourth 20 
frequency response; 

a step of holding the fourth frequency response 
for a specific time, and generating a fifth fre- 
quency response; and 

a step of dividing the frequency domain OFDM 25 
signal by the fifth frequency response to com- 
pensate for amplitude and phase distortion in- 
troduced to the signal on the channel. 

32. An OFDM signal receiving method for receiving 30 
OFDM signals containing a pilot signal of known 
amplitude and phase, comprising: 

a step of generating an OFDM signal in the fre- 
quency domain by a Fourier transform of the 35 
OFDM signal; 

a step of dividing the pilot signal contained in 
the frequency domain OFDM signal by a spec- 
ified pilot signal, and generating a first frequen- 
cy response; 40 
a step of replacing data in the first impulse re- 
sponse less than or equal to a specified thresh- 
old value with zero signals, and generating a 
second impulse response; 

a step of generating a second frequency re- 45 
sponse by a Fourier transform of the second im- 
pulse response; 

a step of selecting the second frequency re- 
sponse for carriers within a specific range of the 
signal band center, selecting the first frequency so 
response for the remaining carriers near the 
signal band edges, and generating a third fre- 
quency response; 

a step of holding the third frequency response 
for a specific time, and generating a fourth fre- 55 
quency response; and 

a step of dividing the frequency domain OFDM 
signal by the fourth frequency response to com- 



pensate for amplitude and phase distortion in- 
troduced to the signal on the channel. 

33. An OFDM signal receiving method for receiving 
OFDM signals containing a pilot signal of known 
amplitude and phase, comprising: 

a step of generating an OFDM signal in the fre- 
quency domain by a Fourier transform of the 
OFDM signal; 

a step of dividing the pilot signal contained in 
the frequency domain OFDM signal by a spec- 
ified pilot signal, and generating a first frequen- 
cy response; 

a step of multiplying the first frequency re- 
sponse by a window function, and generating 
a second frequency response; 
a step of generating a first impulse response by 
an inverse Fourier transform of the second fre- 
quency response; 

a step of replacing data in the first impulse re- 
sponse less than or equal to a specified thresh- 
old value with zero signals, and generating a 
second impulse response; 
a step of generating a third frequency response 
by a Fourier transform of the second impulse 
response; 

a step of dividing the third frequency response 
by the window function, and generating a fourth 
frequency response; 

a step of selecting the fourth frequency re- 
sponse for carriers within a specific range of the 
signal band center, selecting the first frequency 
response for the remaining carriers near the 
signal band edges, and generating a fifth fre- 
quency response; 

a step of holding the fifth frequency response 
for a specific time, and generating a sixth fre- 
quency response; and 

a step of dividing the frequency domain OFDM 
signal by the sixth frequency response to com- 
pensate for amplitude and phase distortion in- 
troduced to the signal on the channel. 

34. An OFDM signal receiving method as described in 
any one of claims 31 to 33, wherein the OFDM sig- 
nal has a finite length frame structure including a 
pilot symbol of known amplitude and phase for all 
carriers as the preamble; and 

the frequency response is held to the end of 
the frame. 

35. An OFDM signal receiving method as described in 
any one of claims 31 to 33, wherein the OFDM sig- 
nal has a continuous frame structure with a pilot 
symbol of known amplitude and phase for all carri- 
ers inserted each frame period; and 

the frequency response is held for the frame 
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period. 

36. An OFDM signal receiving method as described in 
any one of claims 21 to 35, wherein the threshold 
value is constant. 5 

37. An OFDM signal receiving method as described in 
any one of claims 21 to 35, wherein the threshold 
value is appropriately controlled. 

10 

38. An OFDM signal receiving method as described in 
claim 37, wherein the threshold value is controlled 
according to the impulse response. 

39. An OFDM signal receiving method as described in 15 
claim 37, wherein the threshold value is controlled 
according to the noise level. 

40. An OFDM signal receiving method as described in 
claim 21 , 23, 26, 28, 31 or 33, wherein the window 20 
function is a Hamming window, Hanning window, or 
Blackman window. 
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